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A WEARABLE TRANSMISSION DEVICE 
PRIORITY CLAIM 
This application claims priority from U.S. Provisional Application Serial No. 
60/166,273 filed on November 18, 1999. 

GOVERNMENT RIGHTS 
This invention was made with U.S. Government support imder Contract Nos. 
DAAN02-98-P-8523 and DAAD16-99-C-1016 and awarded by the U.S. Army to the 
assignee of the subject invention and under Contract No. DAAD16-99-C-1047 awarded 
by the U.S. Army to BAE Systems Aerospace, Inc. and subcontracted to the assignee of 
the subject invention under MASD Order No. Kl 53869. The government may have 
certain rights in the subject invention. 

FIELD OF THE INVENTION 
This invention relates to '^vea^able electronics", ^'wearable computers'*, "smart 
fabrics"* and the like and more particularly to a data or power transmission ribbon made 
of knitted, woven, or braided textile fibers but also including integral transmission 
elements, e.g., conductive wires or optical fibers. 

BACKGROUND OF THE INVENTION 
The idea of "wearable computers" and electronic circuits built entirely out of 
textiles to distribute data and power and designed to perform functions such as touch 
sensing was first fiilly described in a disclosure called "Smart Fabric, or Washable 
Computing" by E. Rehmi Post and Maggie Orth of the MIT Media Laboratory 



BNSCXXID: <WO ^013e72aAl J_> 



SUBSTITUTE SHEET (RULE 25) 



WO 01/36728 



PCT/USOO/31614 



available on the Internet at http:/www.media.mit.edu/%7EREHMI/fabric/index.html 
and also on pp. 167-8 of the Digest of Papers of the First IEEE International 
Symposium on Wearable Computers, October 13-14, 1997 held in Cambridge, 
Massachusetts. 

Prior to the applicant's invention described herein, electrical or electronic 
components were sometimes fastened to articles of clothing or placed in pouches or 
pockets. Individual wires between these components were then fastened to the 
outside of the clothing or disposed partially or wholly in seams and the like. In this 
way, a soldier could "wear" a radio and a computer and/or global positioning satellite 
system. Consumers, in turn, could, for example, "wear" a cellular telephone 
coimected to a headset or a speaker and/or microphone located on the collar of a 
jacket. 

The problem with this design is that the wires are separate from the textile 
material of the clothing. As a result, the wires are unsightly and uncomfortable, do 
not wear well, can catch and tangle on objects, reduce mobility, add weight, are not 
washable, and are not resistant to corrosion. In general, such a design is not very 
robust. 

Therefore, those skilled in the art sought to integrate the electronic circuits and 
data and power conductors within the textile of the articles of clothing themselves. 
See the MIT disclosure referred to above and incorporated herein by this reference. In 
the MIT reference, metallic yam forms the weft of the fabric and, running in the other 
direction, plain silk thread forms the warp of the fabric. Surface mount light emitting 
diodes (LED's), crystal piezo transducers, and other surface mount components are 
then soldered directly onto the metallic yam. 
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But, since the metallic yam only runs in one direction, communications and 
interconnections between the electronic devices can only take place in that direction. 
Worse, the individual metallic yams which do not electrically interconnect two 
components must be cut to provide electrical isolation for the individual metallic 
yams which do electrically interconnect two components. This design thus raises 
serious design concerns, namely manufacturability, shielding, and electrical 
interference. Moreover, the fabric including the soldered on electronic components is 
delicate, cannot be washed, and is uncomfortable to wear. Finally, if the fabric is 
folded back on itself, an electrical short will occur. Thus, special insulative coatings or 
substrates must be used which further render the fabric uncomfortable to wear. 

Others have designed textile fabrics with conductive fibers for electrically- 
interconnecting two electronic components. See U.S. Patent Nos. 6,080,690 and 
5,906,004 incorporated herein by this reference. Again, the main idea is that the 
whole garment is made of this special fabric. As such, a sensor can be electrically, 
connected to a controller right on the garment. Still, routing of the data or power 
between the devices is limited without extensive formation of electrical junctions in 
the fabric — a very cumbersome manufacturing process. In addition, such garments 
are also uncomfortable and cannot withstand repeated wash cycles. See also U.S. 
Patent No. 3,414,666 incorporated herein by this reference. 

Before the invention described herein, no one to our knowledge has designed 
textile materials with integrated data or power buses which are simple to manufacture, 
pleasing in appearance, comfortable, washable, which wear well, which do not add 
significant weight, which are corrosion resistant, which do not impede mobility, 
which exhibit high fatigue strengths, and which also properly meet or exceed the 
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electrical interface and shielding requirements of the specific application be it military 
or consumer-based. 

SUMMARY OF THE INVENTION 

It is therefore an object of this invention to provide a novel and more robust data 
and/or power transmission device. 

It is a further object of this invention to provide such a data or power 
transmission device which is made of a textile material with integrated data and/or 
power buses. 

It is a further object of this invention to provide such a data or power 
transmission device which is simple to manufacture and pleasing in appearance. 

It is a further object of this invention to provide such a data or power 
transmission device which is comfortable to wear and which has a long wear life. 

It is a further object of this invention to provide such a data or power 
transmission device which is able to withstand repeated wash cycles. 

■ -I' 

It is a further object of this mvention to provide such a data or power v; 3 

transmission device which is not susceptible to corrosion and which exhibits a high 
fatigue strength. 

It is a further object of this invention to provide such a data or power 
transmission device which meets or exceeds the electrical interference and/or shielding 
requirements of the specific application it is used for. 

It is a further object of this invention to provide such a data or power 
transmission device which is versatile in design. 

It is a further object of this invention to provide a data or power transmission 
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device which is transferable from one garment to another garment. 

It is a further object of this invention to provide such a device which does not 
impede the mobihty of the wearer of the device. 

The invention results from the realization that the shortcomings of current 
"wearable electronics", "wearable computer systems" and "smart fabrics'', namely, a 
lack of comfort and durability, can be overcome, not by manufacturing a garment out of 
a textile fabric with conductive fibers, but, instead, by knitting, weaving, or braiding a 
textile ribbon with selvage edges and including transmission elements which extend or 
run the length of the ribbon and then attaching the ribbon to a comfortable arid durable 
garment between two electronic or electrical devices on the garment such that the 
transmission elements in the ribbon optically or electrically interconnect the two t 
devices. The ribbon thus becomes an integral part of the textile item without suffering 
from the limitations associated with prior art textile articles with electronic circuits and 
data and power conductors formed therein. Moreover, the ribbon can be releasably ' 
attached to the garment or textile item thus allowing it to be transferred between, for 
example, different articles of clothing. 

This invention features a data or power transmission device including a knitted, 
woven, or braided textile ribbon including fibers and having a length and selvage edges; 
and one or more transmission elements rurming the length of the ribbon in place of one 
or more of the fibers and integrated with the fibers to transmit data and/or power along 
the length of the ribbon. Typically, the one or more transmission elements are separated 
by non-conductive fibers. But, in other embodiments, a plurality of the fibers are also 
conductive. 

If the transmission device is a data bus, there are typically at least two 



BNSDOCID; <WO ^0136728A1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 01A36728 



PCT/US00/3I614 



transmission elements insulated from each other by the fibers. For a universal serial 
bus, four transmission elements are provided and insulated from each other by the 
fibers. 

The transmission elements may be solid wire, tinsel wire, conductive fibers, . 
polymers fibers coated or doped with a conductive material, optical fibers, and 
combinations of the same. As such, each transmission element may be bare, insulated, 
or shielded, or both insulated and shielded. 

In one embodiment, the ribbon is knitted and includes wales and courses of 
overlapping fibers and transmission elements. In another embodiment, the ribbon is 
woven and includes weft and warp fibers. Typically, the transmission elements replace 
one or more warp fibers but not the weft fibers. In another embodiment, the 
transmission elements replace one or more weft fibers but not the warp fibers. In yet 
another embodiment, the transmission elements may replace all or certain fibers in both 
the warp and weft directions. If the ribbon is braided, it may include axial fibers and = 
bias fibers. The transmission elements typically replace one or more axial fibers but not 
the bias fibers. In another embodiment, the transmission elements replace one or more 
bias fibers. In still another embodiment, the transmission elements replace all or certain 
fibers in both the axial and bias directions. 

The fibers may be grouped together in the form of yams. The fibers are also 
selected from a wide class of natural or synthetic fibers. 

In the preferred embodiment, the ribbon is narrow woven and may have more 
than one face. But, if ribbon is knitted, it may also include more than one face. In still 
other embodiments, the ribbon forms an antenna, a simple power bus, a fire wire bus or 
a coaxial bus. 



BNSDOCID: <WO 013672aA1.L> 



SUBSTITUTE SHEET (RULE 26) 



wo 01/36728 



PCTAJSOO/31614 



A wearable data or power transmission system in accordance with this invention 
featiires a garment, a first subsystem, a second subsystem, and a knitted, woven,' or 
braided textile ribbon having a length which extends between the first and second 
subsystems. The ribbon includes fibers, selvage edges, and one or more transmission 
elements running the length of the ribbon in place of one or more of the fibers. Each 
transmission element is connectable on one end to the first subsystem connectable on 
the other end to the second subsystem to establish a data or power transmission link 
between the first and second subsystems. The first subsystem is typically attached at 
one location on the garment, the second subsystem may be attached at a second location 
on the garment or elsewhere, and the ribbon is then attached to the garment between the 
first and second subsystems. 

The first subsystem and the second subsystem may be power sources, electrical 
devices, electronic systems, electronic devices, optical devices or sensors, and 
combinations of the same. In one embodiment, the ribbon forms a data or power bus 
between the first and second subsystems, hi another embodiment, the ribbon forms an 
antenna. 

The subject invention, however, is not limited to wearable gamients. For any 
textile article, the data or power transmission system includes a first subsystem, a 
second subsystem, and a knitted, woven, or braided textile ribbon having a length which 
extends between the first and second subsystems. The ribbon includes fibers, selvage 
edges, and one or more transmission elements running the length of the ribbon in place 
of one or more of the fibers. Each transmission element is connectable on one end to the 
first subsystem and connectable on the other end to the second subsystem to establish a 
data or power transmission link between the first and second subsystems. The textile 
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article (e.g., a tent, parachute, blanket or car seat cover) may include the first and second 
subsystems or one or both subsystems may be remote from the textile article. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Other objects, features and advantages will occur to those skilled in the art firom 
the following description of a preferred embodiment and the accompanying drawings, in 
which: 

Fig. 1 is a schematic view of one prior art way of interconnecting electronic 
components worn by a user; 

Fig. 2 is a top plan view of one prior art "smart fabric" design; 

Fig. 3 is a schematic view of the data or power transmission device of the 
subject invention permanently orreleasably attached to an article of clothing and 
extending between two electronic devices; 

Fig. 4 is a view of one end of the data or power transmission device shown in 

Fig. 3; 

Fig. 5 is a plan view of the knitted form of the data or power transmission device 
of the subject invention; 

Fig. 6 is a plan view of the woven form of the data or power transmission device 
of the subject invention wherein the transmission elements run in the weft direction 
only; 

Fig. 7 is a plan view of the woven form of the data or power transmission device 
of the subject invention wherein the transmission elements run in the warp direction 
only; 

Fig. 8 is a plan view of the woven form of the data or power transmission device 
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of the subject invention wherein the transmission elements run both in the weft and 
warp directions; 

Fig. 9 is a plan view of the braided form of the data or the power transmission 
device of the subject invention wherein the transmission elements run in the direction of 
the axial fibers only; 

Fig, 1 OA is a plan view of the braided form of the data or power transmission 
device of the subject invention wherein the transmission elements run in the direction of 
the bias fibers; . 

Fig, 1 OB is a plan view of the braided form of the data or power transmission 
device of the subject invention wherein the transmission elements run in the direction of 
the axial and bias fibers; "^^ 

Figs, 1 1 A andl IB are plan views of the data or power transmission device of the 
subject invention in the form of an antenna; 

Fig. 12 is a plan view of one embodiment of the power bus version of the subject 
invention; 

Fig. 1 3 is a plan view of one embodiment of the subject invention wherein the 
ribbon forms a universal serial bus; 

Figs. 14A and 14B are plan and cross sectional views of one embodiment of the 
subject invention wherein the ribbon forms a fire wire bus; and 

Fig. 15 is apian view of one embodiment of the subject invention wherein the 
ribbon forms or includes a coaxial cable. 
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DISCLOSURE OF THE PREFERRED EMBODIMENTS 
One attempt to enable military personnel and consumers to "wear" electronic 
devices 10, 12, 14, and 16, Fig. 1 is to attach the devices to garment pieces 18 (pants), 
20 (a shirt or coat) and/or other wearable items (e.g., glasses 22, a belt, suspenders, a 
pack, pockets, and the like) and route individual wires or conventional data or power 
buses 24, 26, 28, and 30 between the devices as necessary to intercoimect them. 
These 'transmission elements" hang loose, are secured to the garment at discrete 
locations, extend in or along the seams of the garment pieces, or in pockets or 
channels sewn onto the garment pieces. 

The problem with this design is fairly self-evident. As discussed in the 
Background of the Invention section above, such a design is unsightly, uncomfortable, 
does not wear well, is not washable, is not sufficiently corrosion resistant, and suffers 
from low fatigue strength. Also, wires 24, 26, 28, and 30 can become tangled or 
caught on other objects. In sum, the design shown in Fig. 1 is not very durable and 
limits mobility. 

The latest evolution in "wearable electronics" or "wearable computers" is 
shown in Fig. 2. In this design, the "transmission elements" are integrated with the 
fabric of the garment piece. That is, woven fabric 30 includes conductive fibers 32 
running in the direction of the weft and silk or some other non-conductive fibers 34 
running in the direction of the warp. Electronic components 36, 38, and 40 are 
soldered onto fabric 30. Since, however, all of the fibers running in the direction of 
the weft are conductive, the electrical connection between components 36 and 38 can 
only be effected by cutting all the conductive fibers which do not interconnect the 
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correct solder pads of each component. Moreover, it is difficult to interconnect 
component 36 with another component placed adjacent to component 36 in the 
direction of the warp fibers since the warp fibers are not conductive. Thus, solder 
must be deposited to run in the direction of the warp fibers if electrical 
interconnections are to be made between two such components. 

The other problems associated with the design of Fig. 2 are delineated in the 
Background of the Invention section above and include the fact that the resulting 
garment is uncomfortable and that special insulative coatings or substrates must be 
used to prevent electrical shorts fi-om occurring when the fabric folds back on itself 
which fiirther renders the fabric uncomfortable to the wearer. Also, a garment made 
of the fabric shown in Fig. 2 can not withstand repeated wash cycles. Other attempts 
at turning the fabric of a garment irito a circuit "board" have also met with limited * 
success because of similar problems. 

This invention involves somewhat of a paradigm shift from the prior art 
designs: instead of running the transmission elements loosely along or within the 
fabric, the idea is to form a durable or washable textile ribbon 50, Fig. 3 with integral 
transmission elements in place of one or more of the regular natural or synthetic 
fibers, threads, yams, filaments, or plies and extending along the length of the ribbon 
to interconnect various electronic or electrical components (subsystems 52 and 54 in 
Fig. 3) via optional connectors 56 and 58, respectively. 

Ribbon 50 is then attached to garment 60 (in this example a shirt or jacket) or 
a textile article (e.g., a blanket, a car seat cover, and the like) at one or more places by 
sewing, by the use of fasteners, and the like. The ribbon may interconnect two 
electronic devices on the same garment, or one electronic device on the garment and a 
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second electronic device located on another garment or a belt. Ribbon 50 may be 
used in conjunction with garments, textile articles (e.g., blankets, sleeping bags), and 
other gear or items (e.g., handwear, tents, footwear, body armor, helmets, backpacks, 
and duffel bags). 

The result is a solution to the shortcomings of current "wearable computing" 
systems, namely the lack of comfort and durability. Ribbon 50 also overcomes 
several other drawbacks of the prior art: It is simple to manufacture, pleasing in 
appearance, comfortable, wears well, is washable, corrosion resistant, does not create 
snag points, is transferable, and exhibits high fatigue strengths. Ribbon 50 can. also be 
designed to meet specific electrical interference and shielding requirements depending 
on the specific implementation. 

A portion of one embodiment of ribbon 50 is shown in Fig. 4. Ribbon 50 
forms a data or power transmission device and may be knitted, woven, or braided of 
textile fibers 84 and has a length which extends between two components to be ^ . : 
interconnected. Selvage edges 62 and 64 prevent unraveling of ribbon 50 and provide 
a distinct structural advantage over the broad woven fabrics of the prior art which did 
not include selvage edges due to the need to cut various fabric pieces into the shape of 
the garment. 

One or more transmission elements 68, 70, 72, 74, 76, 78, 80, and 82 run the 
length of ribbon 50 in place of one or more of fibers 84 and are integrated with the 
fibers to transmit data (e.g., analog or digital or optical signals representing 
commands, voice transmissions, and other inputs and outpiits, and the like) and/or 
power along the length of the ribbon. The transmission elements are knitted, woven, 
or braided in the same fashion as the regular fibers are knitted, woven, or braided 
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which renders the invention extremely versatile. 

Typically, the transmission elements are separated by non-conductive fibers 84 
but this may not be true in the case of a simple power bus since, in that design, all of 
the longitudinally running fibers may be conductive. 

In the embodiment where ribbon 50 forms a data bus (e.g., a RS232 data bus), 
there are at least two but typically more transmission elements insulated fi-om each 
other by regular textile fibers between them as shown in Fig. 4 at 90. A universal 
serial bus (USB) is formed by four transmission elements insulated from each other as 
discussed infra. 

Transmission elements 68-82 may be solid wire, tinsel wire, conductive fibers, 
polymeric fibers coated or doped with conductive material, optical fibers (as shown 
for transmission element 76) and combinations of the same. Each transmission 
(element may be bare, insulated, or shielded or both insulated and shielded as is known 
p the electrical arts. Such versatility is not possible with the wearable fabric designs 
of the prior art. In the preferred embodiment; tinsel wire is used due to its durability. 
The choice of the configuration for and the material of the transmission element 
depends to a large extent on the end use but the availability of different types of 
transmission elements useful in the subject invention again renders the subject 
invention extremely versatile when compared to prior art designs. 

There are also various methods available for forming ribbon 50. In one 
embodiment, ribbon 50', Fig. 5 is knitted and includes wales and courses of 
overlapping fibers and transmission elements as shown in Fig. 5. Typically, the 
transmission elements form the courses (e.g., they are all conductive) and/or the wales 
(e.g., they are also all conductive). In another embodiment, ribbon 50", Fig. 6 is 



BNSDOCI D: <WO ^01 3672aA 1J_> 



SUBSTITUTE SHEET (RULE 26) 



wo 01iO6728 



PCT/US00/3I614 



narrow woven and includes weft and warp fibers. Typically, the transmission 
elements replace one or more weft fibers but not the warp fibers as shown at 100 in 
Fig. 6. In still another embodiment, ribbon 50"', Fig. 7 is woven and includes weft . 
and warp fibers and the transmission elements replace one or more of the warp fibers 
but not the weft fibers as shown at 102 in Fig. 7. In still another embodiment, the 
transmission elements replace one or more of the weft and warp direction fibers as 
shown at 104 in Fig. 8 for ribbon 50*\ 

Ribbon 50\ Fig. 9 may also be braided to include axial and bias fibers as 
shown. The transmission elements typically replace one or more of the axial fibers 
but usually not the bias fibers as shown at 106 in Fig. 9. However, the transmission 
elements may also replace one or more of the bias fibers as shown in Fig. 1 OA at 1 06' 
to form shielding or simple power bus 50". Also, as shown in Fig. lOB, the 
transmission elements may replace one or more axial fibers 106" and one or more 
bias fibers 106"' to form shielding or simple power bus 50*''. Again, the availability 
of the many different methods of forming the ribbon render the subject invention 
extremely versatile ^yhen compared to prior art designs. 

As is known in the textile arts, the fibers may be grouped together in the form 
of yams and many different natural or synthetic fibers may be used depending on the 
implementation- a fact which again renders the subject invention extremely versatile. 
Also, woven ribbons and knitted ribbons can have more than one face. In the design 
shown in Fig. 4 the fibers were multifillament nylon which met the MIL-W-43668 
specification. The transmission elements include sheathed 250 micron plastic optical 
fiber 76 and PVC insulated silver coated copper seven strand tinsel wires 68, 70, 72, 
74, 78, 80 and 82. Ribbon 50 was 100 yards or more in length and one inch wide and 
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can be cut to produce a number of data or power transmission devices in accordance 
with the subject invention. 

The ribbons of Figs. 4-10 can be peraianently or releasably attached in many 
different ways to nearly any type of garment or textile article or a belt, for example, 
for interconnecting a wide variety of subsystems 52 and 54, Fig, 3. Typical 
subsystems include power sources, electrical devices, electronic systems, electronic 
devices, discrete electronic chips, optical devices, switching devices, and sensors. 
Powerpacks, cellular telephone components, global positioning system components, 
personal data assistants, lamps, displays, and the like are typical examples. Typical 
releasable attachment means for the ribbon include hook and loop fasteners, snaps, 
and the like. As such, the ribbon C2in be transferred from one garment to another^ In 
other embodiments, the ribbon is permanently attached to the garment or textile article 
by sewing, for example. 

In one embodiment, ribbon 50"''' forms a loop antenna as shown in Fig. 1 VA. 
In this embodiment, RF subsystem 103 is electrically cormected to one end of ribbon 
50'^' and the other end is grounded. Dipole antenna ribbon SC*" , Fig. 1 IB is similar 
but not grounded on the distal end. An antenna radiator may include a plain weave of 
Aracon® (metal coated Kevlar®) yam, nylon, and nonconducting Kevlar® yam. The 
warp yams consist of 35 Aracon® warp ends separated by 7 warp ends of 
nonconductive Kevlar® and then 35 Aracon® warp ends. The weft consists of a nylon 
yam. The width of the antenna radiator is 1 1/1 6" and was produced in a 20 yard 
length. 

Ribbon 110, Fig. 12 forms a DC power bus. Ribbon 1 10 is narrow woven and 
includes nylon fibers in the weft direction but conductive metal plated Kevlar® 
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(Aracon®) fibers ranning in the warp direction. Non-conductive black Kevlar® fibers 
form insulative strip 112 between the two conductive paths 114 and 1 16 on either side 
of insulative strip 112. Ribbon 110, however, may also be used as a loop antenna. 

In Fig. 13, ribbon 120 forms a universal serial bus which comprises a shielded 
twisted data pair, a drain wire, a power wire, and a ground wire. The ground wire and 
power wires consist each of a 24 AWG stranded tinned copper wire with insulation!! 
The drain wire is a stranded wire of seven 36 AWG tinned copper wires. The drain; 
wire is woven in the warp position next to the shielded twisted data pair. The data 
pair consists of two seven stranded 36 AWG tinned copper wires with high density ^ 
polyethylene insulation. They are twisted with one full twist every 60 mm. Over this 
pair is served an aluminum metalized polyester shield. The bus is manufactured as a 
double faced narrow woven with a waip stuffer layer. The wires are in the stuffer 
warp positions. In the top and bottom faces, seven warp positions are replaced by 
Bekintex stainless steel fiber to form shielding around the twisted pair. All other warp 
and weft positions are nylon yam. The USB ribbon is 1 1/8 inch wide and was 
produced in a 100 yard length. Transmission element 122 is a 24 AWG wire, 
transmission element 124 is similar. Transmission element 126 includes two 7x36 
AWG tinned copper wires with HDPE insulation twisted with one full twist per 
60mm. Transmission element 128 is a 7x36 AWG tinned copper drain wire. 
Shielding portion 130 is formed from 12 |j.m stainless steel fibers running in the warp 
direction. Shield 132 is an aluminum metalized polyester material. Nylon fibers run 
in the warp and weft directions in areas 1 34 and 136. 

In Figs. 14A and 14B, ribbon 140 forms a fire wire bus pursuant to the IEEE 
1394 standard. Transmission elements 142 and 144 each include two single twisted 
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pairs (28 AWG) with 40 full twists per meter surrounded by metalized polyester tape. 
Fibers 146 are Aracon'® yams. Transmission element 148 is the power wire (22 AWG 
tinned copper wire with insulation) and transmission element 150 is the ground wire 
of a similar construction. Stainless steel yams 153 and Aracon® yams 146 in area 152 
form the necessary shielding. Ribbon 140 is double faced, narrow woven, and 
includes staffer warp yams. 

In Fig. 15, ribbon 160 serves as or includes a coaxial cable. Copper wire 160 
is metal coated or wrapped in a polymer jacket as shielding. 
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Various transmission elements useful in the subject invention and their properties are 
shown in Table 1 below: 



Threads/Y arnsAVires 



Material 


Trade Name 


Manufacturer 


Conductivity 


Copper Wire 


28 AWG 


Belden 


0.0021 ohm/cni 


Metalized mylar 
threads (class) 


Embroidery 
Threads 


DMC, Sulky, 
MegaSheen 


9 ohm/cm - 140 k 
ohm/cm 


Silver coated nylon 


X-Static 


Saquoit Industries 


0.5-13.5 
ohm/cm 


316 L Stainless 
steel filment yarn 


Bekintex 


Bekaert 
Sprint (France) 


60 ohm/m 


Carbon Fiber 


BADISHE 

(21/1 Carbon 
140 denier) 




113 k ohm/cm 


Nickel coated 
carbon fiber 


COMPMAT 
MCG 


Composite 
Materials, L.L.C. 


4.8 ohms/m 
(6 k tow) 


Copper/Nickel 
Coated carbon 
fiber 




Composite 
Materials, L.L.C. 




Nickel/silver/ 
copper alloy coated 
Kevlar® 


Aracon* 
XN400EF-018 

XS200G.060 

XS0400E-018 

XN0400E-018 


DuPont 


3 ohm/m 
2.5 ohm/m 
3 ohm/m 
2.9 ohm/m 


Copper or silver 
coated copper 
tinsel wire 


T3889 
T3610 


Montgomery Wire 


0.211 ohm/m 
(7 strand) 
0.050 ohm/m 
(28 strand) 



Table 1 
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Although specific features of the invention are shown in some drawings and 
not in others, this is for convenience only as each feature may be combined with any 
or all of the other features in accordance with the invention. The words "including", 
"comprising", "having", and 'Svith" as used herein are to be interpreted broadly and 
comprehensively and are not limited to any physical interconnection. Moreover, any 
embodiments disclosed in the subject application are not to be taken as the only 
possible embodiments. 

Other embodiments will occur to those skilled in the art and are within the 

following claims: 

What is claimed is: 
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1 . A data or power transmission device comprising: 

a icnitted, woven, or braided textile ribbon including fibers and 
having a length and selvage edges; and 

one or more transmission elements mnning the length of the 
ribbon in place of one or more of the fibers and integrated with the fibers to transmit 
data and/or power along the length of the ribbon. 

2. The device of claim 1 in which the one or more transmission elements 
are separated by non-conductive fibers, 

3. The device of claim 1 in which a plurality of the fibers are conductive. 

4. The device of claim 1 wherein the transmission device is a data bus 
and there are at least two transmission elements insulated from each other by the 
fibers. 

5. The device of claim 2 in which the data bus is a universal serial bus 
and includes four transmission elements insulated from each other by the fibers. 

6. The device of claim 2 in which the data bus is a fire wire bus and 
includes either four or six transmission elements insulated from each other by the 
other fibers. 
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7. The device of claim 1 in which the transmission elements are selected 
from the group consisting of solid wire, tinsel wire, conductive fibers, polymeric 
fibers coated or doped with a conductive material, optical fibers, and combinations of 
the same. 

8. The device of claim 2 in which the data bus is a coaxial cable and 
includes one transmission element and shielding. 

9. The device of claim 1 in which each transmission element is bare, 
insulated, or shielded, or both insulated and shielded. 

1 0. The device of claim 1 in which the ribbon is knitted and includes wales 
and courses of overlapping fibers and transmission elements. 

1 1 . The device of claim 1 in which the ribbon is woven including weft and 
warp fibers and the transmission elements replace one or more warp fibers but not the 
weft fibers. 

12. The device in claim 1 in which the ribbon is woven including weft and 
warp fibers and the transmission elements replace one or more weft fibers but not the 
warp fibers, 

13. The device in claim 1 in which the ribbon is woven including weft and 
warp fibers and the transmission elements replace one or more warp fibers and one or 
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more weft fibers. 

14. The device of claim 1 in which the ribbon is braided including axial 
fibers and bias fibers and the transmission elements replace one or more axial fibers 
but not the bias fibers. 

15. The device of claim 1 in which the ribbon is braided including bias 
fibers and the transmission elements replace one or more bias fibers. 

16. The device of claim 1 in which the ribbon is braided including axial 
and bias fibers and the transmission elements replace one or more axial and bias 
fibers. 

17. The device of claim 1 in which the fibers are grouped together in the 
form of yams. 

18. The device of claim 1 in which the fibers are natural or synthetic fibers. 

19. The device of claim 1 in which the ribbon is narrow woven. 

20. The device of claim 19 in which the narrow woven ribbon has more 
than one face. 

21 . The device of claim 1 in which the ribbon is knitted and includes more 
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than one face. 

22. The device of claim 1 in which the ribbon forms an antenna. 

23. The device of claim 1 in which the ribbon forms a power bus. 

24. A wearable data or power transmission system comprising: 

a garment; 

a first subsystem; 

a second subsystem; and 

a knitted, woven, or braided textile ribbon having a length 
which extends between the first and second subsystems, the ribbon including: 

fibers, 

selvage edges, and 

one or more transmission elements running the length of 
the ribbon in place of one or more of the fibers, each transmission element : 
connectable on one end to the first subsystem and connectable on the other end 
to the second subsystem to establish a data or power transmission link between 
the first and second subsystems, 

the first subsystem attached at one location on the garment, the 
second subsystem attached at a second location, and the ribbon attached to the 
garment to extend between the first and second subsystems. 

25. The system of claim 24 in which the first subsystem and the second 
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subsystem are selected from the group consisting of power sources, electrical devices, 
electronic systems, electronic devices, optical devices and sensors, and combinations 
of the same. 

26. The system of claim 24 in which the ribbon forms a data bus between 
the first and second subsystems. 

27. The system of claim 24 in which the ribbon forms an antenna. 

28. The system of claim 24 in which the ribbon forms a power bus. 

29. The system of claim 24 in which the one or more transmission 
elements are separated by non-conductive fibers. 

30. The system of claim 24 in which a plurality of the fibers are conductive. 

3 1 . The system of claim 24 wherein the ribbon forms a data bus and there 
are at least two transmission elements insulated from each other by the fibers. 

32. The system of claim 3 1 in which the data bus is a universal serial bus 
and includes four transmission elements insulated fi-om each other by the fibers. 

33. The system of claim 3 1 in which the data bus is a fire wire bus. 



BNSCOCID: <WO 013672aAlJ_> 



SUBSnrUTE sheet (rule 26) 



wo 01736728 



25 



PCTAJSOO/31614 



34. The system of claim 31 in which the data bus is a coaxial cable and 
includes one transmission element and shielding. 

35. The system of claim 24 in which the transmission elements are selected 
from the group consisting of solid wire, tinsel wire, conductive fibers, polymeric 
fibers coated or doped with a conductive material, optical fibers, and combinations of 
the same. 

36. The system of claim 24 in which each transmission element is bare, 
insulated, or shielded, or both insulated and shielded. 

37. The system of claim 24 in which the ribbon is knitted and includes 
wales and courses of overlapping fibers and transmission elements. 

38. The system of claim 24 in which the ribbon is woven including weft : 
and warp fibers and the transmission elements replace one or more warp fibers but n^t 
the weft fibers. 

39. The system of claim 24 in which the ribbon is woven including weft 
and warp fibers and the transmission elements replace one or more weft fibers but not 
the warp fibers. 

40. The system of claim 24 in which the ribbon is woven including weft 
and warp fibers and the transmission elements replace one or more weft fibers and one 
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or more warp fibers. 

41. The system of claim 24 in which the ribbon is braided including axial 
fibers and bias fibers and the transmission elements replace one or more axial fibers 
but not the bias fibers. 

42. The system of claim 24 in which the ribbon is braided including bias 
fibers and the transmission elements replace one or more bias fibers. 

43. The system of claim 24 in which the ribbon is braided including bias 
and axial fibers and the transmission elements replace one or more axial and bias 
fibers. 

44- The system of claim 24 in which the fibers are grouped together in the 
form of yams. 

45. The system of claim 24 in which the fibers are natural or synthetic 

fibers. 

46. The system of claim 24 in which the ribbon is narrow woven, 

47. The system of claim 46 in which the narro>y woven ribbon has more 
than one face. 
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48. The system of claim 24 in which the ribbon is knitted and includes 
more than one face. 

49. The system of claim 24 in which the ribbon is removably attached to 
the garment via releasable fasteners so that the ribbon is transferable between 
garments. 

50. A data or power transmission system comprising: 

a textile article; 

a first subsystem; 

a second subsystem; and 

a knitted, woven, or braided textile ribbon having a length 
which extends between the first and second subsystems, the ribbon including: 

fibers, 

selvage edges, and 

one or more transmission elements running the length of 
the ribbon in place of one or more of the fibers, each transmission element 
connectable on one end to the first subsystem and connectable on the other end to the 
second subsystem to establish a data or power transmission link between the first and 
second subsystems, 

the first subsystem attached at one location on the 
garment, the second subsystem attached at a second location, and the ribbon attached 
to the gannent to extend between the first and second subsystems. 
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51. The system of claim 50 in which the first subsystem and the second 
subsystem are selected from the group consisting of power sources, electrical devices, 
electronic systems, electronic devices, optical devices and sensors, and combinations 
of the same. 

52. The system of claim 50 in which the ribbon fomis a data bus between 
the first and second subsystems. 

53. The system of claim 50 in which the ribbon forms an antenna. 

54. The system of claim 50 in which the ribbon forms a power bus. 

55. The system of claim 50 in which the one or more transmission 
elements are separated by non-conductive fibers. 




56. The system of claim 50 in which a plurality of the fibers are conducti|^e. 

57. The system of claim 50 wherein the ribbon forms a data bus and there 
are at least two transmission elements insulated from each other by the fibers. 

58. The system of claim 57 in which the data bus is a universal serial bus 
and includes four transmission elements insulated from each other by the fibers. 

59. The system of claim 57 in which the data bus is a fire wire bus. 
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60. The system of claim 57 in which the data bus is a coaxial cable and 
includes one transmission element and shielding. 

6L The system of claim 50 in which the transmission elements are selected 
from the group consisting of solid wire, tinsel wire, conductive fibers, polymeric 
fibers coated or doped with a conductive material, optical fibers, and combinations of 
the same. 

62. The system of claim 50 in which each transmission element is bare, 
■^ insulated, or shielded, or both insulated and shielded. 

63. The system of claim 50 in which the ribbon is knitted and includes 
wales and courses of overlapping fibers and transmission elements. 

64. The system of claim 50 in which the ribbon is woven including weft 
and warp fibers and the transmission elements replace one or more warp fibers but not 
the weft fibers. 

65. The system in claim 50 in which the ribbon is woven including weft 
and warp fibers and the transmission elements replace one or more wefl fibers but not 
the warp fibers. 

66. The system in claim 50 in which the ribbon is woven including weft 
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and warp fibers and the transmission elements replace one or more weft fibers and one 
or more warp fibers. 

67. The system of claim 50 in which the ribbon is braided including axial 
fibers and bias fibers and the transmission elements replace one or more axial fibers 
but not the bias fibers. 

68. The system of claim 50 in which the ribbon is braided including bias 
fibers and the transmission elements replace one or more bias fibers. 

69. The system of claim 50 in which the ribbon is braided including bias 
and axial fibers and the transmission elements replace one or more axial iand bias 
fibers. 

70. The system of claim 50 in which the fibers are grouped together in the 
form of yams. 

71. The system of claim 50 in which the fibers are natural or synthetic 

fibers. 

72. The system of claim 50 in which the ribbon is narrow woven. 

73. The system of claim 72 in which the narrow woven ribbon has more 
than one face. 
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74. The system of claim 50 in which the ribbon is knitted and includes 
more than one face. 

75. The system of claim 5.0 in which the ribbon is removably attached to 
the textile, article via releasable fasteners so that the ribbon is transferable between 
textile articles. 
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FIG. 4 
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FIG. IIA 




103' 



RF FRONT END 
(i.e. RF preamp 
and detedor) 



50 



VIII 



FIG. IIB 



RF FRONT END 
(i.e. RF preamp 
and detector) 



103 



SUBSTITUTE SHEET (RULE 25) 



BNSDOCID: <WO ^Ol3672aAlJ_> 



wo 01A36728 



PCT/US00/316I4 



5/7 





SUBSTITUTE SHEET (RULE 26) 

BNSDOCIO: <WO ^013872BA1_L> 




BNSfXXSID: <WO ^013e72aA1J_> 



SUBSTITUTE SHEET (RULE 26) 




BNSOOCIO: <WO 0136728A1J_> 



SUBSTITUTE SHEET (RULE 25) 



-INTERWATIONAL SEARCH REPORT 



International application No- 
PCT/US00/316I4 



A. CLASSIFICATION OF SUBJECT MATTER 
IPC(7) :D03D 15/00: A4 ID 

US CL :442/209, 210. 212, 229; 2/1 
According to International Patent Classification (IPC) or co both national classification and IPC 

B. FIELDS SEARCHED ^ 

Minimum documentation searched (classification system followed by classification symbols) 

U.S.: 442/209, 210, 212, 229; 2/1 
Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched 



Elecu-onic data base consulted during the international search (name of data base and, where practicable, search terms used) 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category* 


Citation of document, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


X, P 
X 


US 6,080,690 A (LEBBY et al) 27 JUNE 2000, see entire 
document. 

US 5,906,004 A (LEBBY et al) 25 MAY 1999, see entire document. 


1-75 
1-75 



Further documents are listed in the continuation of Box C. See patent family annex. 



• special categories of cited documents: "T* later document published after the intcmational filing date or pnoniy 

date and not in conflict with the application but cited to understand the 
'A" document defining the general state of the art which is not considered principle or thcoiy underlying the invention 
to be of particular relevance 

^ . , . "X" docutneni of particular relevance; the claimed invention cannot be 
"E" cariicr document published on or after the mtemaiional filing date considered novel or cannot be considered to involve an inventive step 

-L- document which may throw doubts on priority clairo(s) or which is document is taken alone 

cited to establish the publication date of another citation or other ^ ^ - , , .u i • ^ k. 

I« .iweiTiwt^ Y document of particular relevance; the claimed uivcntion cannot be 
speaal reason (as specified) considered to involve an inventive step when the document is 
"O" document referring to an oral disclosure, use. exhibition or other means combined with one or more other such documents, such combination 

being obvious to a person skilled in the an 

"P" document published prior to the international filing date but later than 

the piiority date claimed document member of the same patent family 


Date of the actual completion of the international search 
12 FEBRUARY 2001 


Date of mailing of the international search report 


Name and mailing address of the ISA/US 
Commissioner of Patents and Trademarks 
Box PCX 

Washington. D.C. 20231 
Facsimile No. (703) 305-3230 


Authorized officer ^ 

CHRISTOPHER C. PRATT J^EBORAH THOMAS 

PARAI RSAj. SPECIALIST 
Telephone No. (703) 308-0661 " " ' 



Form PCT/ISA/210 (second sheet) (July 1998)* 



BNSDOCII5: <WO 013872aA1 J_> 



